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(54) LONG-DISTANCE QUANTUM CIPHER SYSTEM 
(57)Abstract 

PROBLEM TO BE SOLVED: To prolong a transmission distance 
by reducing losses of photons in a receiver section and using a 
single photon detector having a high efficiency low dark count 
probability, in a quantum cipher system. 

SOLUTION: In a cryptograph key information receiving section, 
a laser beam pulse, having a wavelength of 1,550 nm, is split into 
a horizontally polarized reference optical pulse and a vertically 
polarized signal optical pulse. The signal optical pulse is delayed 
and transmitted. In a cryptograph key information transmitting 
section, the polarization surface of the reference optical pulse is 
rotated by 90° . A random-phase shift is provided to the signal 
optical pulse to rotate the polarization surface by 90° . These 
pulses are attenuated to be formed into single-photon pulses 
and are sent back. In the cryptograph key information receiving 
section, a random phase shift is provided to a feedback 
reference optical pulse and overlapped on a feedback signal 
optical pulse, is split, in response to a polarization state by a 
polarization optical splitter, and is detected by an APD 
(avalanche photodiode) which is suspended only for a release 
time of trap carriers, thereby obtaining a cryptograph key. 
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*tt, fiS^APDO^airtCDXRS^fi5c#r*c InCaAs- 
APDT* B, — 1M sec ( at-55°C) r h7^ * 'J 7#?S 
ST So APD^r Gated Passive Quenchinq Circuit (GPQ 
C) W-,ty-h^F«^, >f~Y*y<m 

cfc 0 , Af ter-pul si nqtC <£ & ^ *7 ^ > r £jqjj£ U , 

[0 042] Gated Passive Quenchinq Circuit^ cfc h 

^ttl^WSTofftT*. TonfcB, APDB 

ami. ft^tfflMHsn*. — *\ TomcB^u-? 

#^>BI§C 6 ^<Dtc&, Toff* h^?:/** 

*— JfrU AfternDulsinq^Cj:S^-^^^> h 

[ 0 04 3 ] Eia^CGPQCCDtElSSS^TnTo CCDIH1SS^6 
h^lEECDA^pP^rl^l^cfeCDB, Passive Quenchin 
q Circuit (PQC) <hP?Bft, Si^PD?>Ge-APD&JB^fc^ 

-^£-7«a«:iE<ffiii»6nr^s. c<Dse*©PQdiiis. 
T^^^^iSSK^SKnsi. RL^ci DAPixce^n^n 

APlXCElWDSn^iS^VTXmjEBia^T^, V E = 
3V<Dt%, *5<fc*50nsec"C|sl^["rS. APtfCEPflni?ft 

fcffi^fB&l$m£&*. CCD— »©«ifpr«fifeTS* 
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JJi±©i£ rtJTX nE&ifr . Af ter-pul s 
e5Ccfc?>^-^*0> hO^lr^IriGaAs/InP-APD^OjSffl 

[0 044]*CT?, 04tC7^f < fc5tC, Ji^-ttA 
Str*JS^B*IH©#. :7U~*$^>«JEV.teJLb<P« 

Ufc(D^GPQPC*€>o CqB, J£»«E^^l/^ODCfiS» 
£:/p*£-r&fc#)CD7 i CnB. M^* 

fniUT, Rq£*lE&0Tgifrr£ o GPQC-COA^^ 
r*EB¥tt«2nsec. JS«B4.5VT?*4. C q^APD 
ft(Z>^ i^^^X^E^^ 1 ©^ r U — * 
(T>§^m^rjr n % apd©#V- F^EPJOSti***-- ME 
B, SS4Vi&4.' 8 6ic^KB4»<t5i, # 

#S$rcDjteg^ra^l00psecfIS^*S/c2*, y- 
r daWRT C ©j£§B#lffl«* T?S^ccoy— h « 

WIT So t&SBtot 2> * ^ y i'OJt^lRiRJ&iyK^/aH 

[0 045] S^Bf-^ilff ^CteC^S^tt^rfll^TSCC 
B, x^-^£fi|^7?*SQuantumBit Error Rate (QBE 
R) *i5MfilT'CttWtitftt&ttl». *fW*Bfll«:*J 
WSQuantum Bit Error Rate (QBER) B, fiT^SB^&^C 

<fcotst$nsitcw^x7--©^'c*^c s 

Stf*SSB^TS 0 QPER*si5%ea:<ka:*i, 

B-^ffiiEsntto. QBER=i5%^c$T?3tTSi, vg^m 

CDftWB^Pj^i^So cfc QBER^15%*SSS«C^ 

40 <b'ii!>t^ 0 

[0 046 ] qberB , iifi^Sf i MT-^ t%'-fft^ 

> h?g^CDKI^*?>o QBERii, Pd/77<ta{fgg^CD 
K££T'&£/ctf), Pd/7?^Vh$^^i'il{fEag§t^S< 
T?§-So HStCmTcfc^tc, QPERjWft/hiScSMBCB- 
SS'Ctfjfi'T?**. S^F-SS&^i^^ 
^^7>bffl*B, hb-F*7©BB«K**. EPTTAXX- 
APDCDl©^, jt-=fSft**«13.79«, 20'.79<©i*Oy-^ 
^0>hit^B, ^n-en2.4XiO"\ 6.4XlO-. 5 r$> 

50 £>*K ■ ftc*eaME»*»*fc»tc»*, Pd/7?*t?»* 
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[0 047] BB84& i'cDS^-^-^a h n^ci 

4. Tfe^r-f^-cDa^tDfcifetcitfln-r^. B?m<Dm%: 

AtlSi. QBER=15WC:feW3ftA©£i£&i&B. ^{f 
^WOS^OifJni 4 bicmPLXL IH>. ^t*IJ© 
«&#3dB©4i*B> ^©fe^S6^;£90km4 &■*>,, ^ 
^©fi^Bg-^i^-Cl00kmW±<Djift ^H^-r & fc* 
KB. m*$hm 77=13.7%©*3^ PdBl.OXlcr'SIJg 

[0 048]@7«CSt^77?:#ilT, filbfc^S 

»C0~2 7t©{iftBg£^;i*:B#©St 1 t&aj^ 4H2 tfe 
»li)S(D^77T*5. fifdlB. {ifSSlIgf^©E[J 

tianK.x*$>6. 1MB. #*©;&9>f-«-c*.&. ^ 
?©#•}> h^b. &$moy£&&&<D&Bt&-c$>z. 

n^>o * i t*a«©*"FS!«tt» is.2%r-&*), y-^ 

#9>H83|Stt, 4.8Xi(r s -C*-2)„ ffr2*£tH!ff©-fiT- 
S&^B. 17.6%-eabD. ^-i?* 1 ^ hfig^B. 4.5x1 

QBERB. ^^J-Cl.BT^-C^^o 

[0049] ±iB© <fc 5 k. ^.§m<om i (ommm^m 

X'\t. SSS^a:T-Bf#^7 u A?:, iS50nm©V— 

F© h 5 » + V 7<5»BWI 19 J; 0fi<l tf-*?- 

< bfc©T\ fc^ifS:fi<T5C4#s-e#£ ( , 
[0 05 0] (W2 ©ID6fe©^?J) ©IS 2 ©jSJS 

Cif, Wt(07T7f-a- f-i'-^Kl 

[ 0 0 5 1 ] E8B, *^©^2©*8S©^«:*jW 

■c, »i(D6»wsett. +45° ©{§7££jiu -45° © 
«*»«sistt, -44- *n<cies[-r4 

■€-©ffe©S2|s*J^«RS«. HI ©»t©^i[lID-C* 

5. 129 B, SgEgta^Bf^Xr-ACS-^^s^xcffl 

[0 05 2] ±fB©J:^(C«^$n/c*|§BJ©»2©|| 
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■T*. iB*Hmtt«i@ffi°£ 1 KKWfcDrey-f*- K b 
— tf-©b— !f-^4f, 09 (a) fCTjrTJ: 
&SlS50nm©:ft^Vl<;*££&£U -44' <D{%ftf&fr&m 

7rf£. zax/b'wx&s -44* ©ffl7t^3iT»3«7t: 
$HHSl5*»iftU +45' 1 0B6»«S 

6«:A7J-r-2. 0 -44' ©iB3fc^VUX©J&fl>©5^ OBfe 
11*545" ©tt^«*)S^aiML. *hitSt5*J6 

io <-rn«j;t». 09 (b) k^-t+45' ©«7fc®£&o 
Stffl-'WXH:. *¥fl**i-J1li2«fi»Sl»7r l 0 
9(c) «cS"r*\fc5«c. ItfiJ64*?<B*K^«Sti 

[0053] ^mt^)^tm^^)^<o&m^v v 

& (0,0) 4 (7C/2.7E/2) ©*8-£B, 'MStE^VU 

XB. ^MII#>e>#7t»&. 09(d) tc*rT 

-45° ©Sjf&fftfti&SC-C. +45" ©M**iI-rH 1(S 

20 iitc^tij^nSo 

[0 0 5 4] h# (0 ,tc) 4 (tc/2 ,3 7E/ 

2) ©*§-&«, JSaS^-OUXB, 09 (e) (Cn"rr<fc 5 
(C. +45° ©ffii^{S3fe<!;tt-5©-C. +45° ©^^rilfH 
1 'mtft'mk 6 ttiStfifr^ 6 KM b T i&fi b . -44° © 

flBt*ar»3«*»*isirc. +46° o«*(S»*ss 
JHSftr. mtfcfflSiotcAWbTtftasti*. IH3fi§ 

[0055] feta->7 h# (o ,7t/2) i (o 

2) i (tc/2 ,0)4 (?r/2 ,tc) ©iS^«. ^§3* 
30 Ajl,XBRiJ6i!t50t, Hlt^l±5i§104H2^aiS 
01© 4 6 -7 > ^ A CC A*f 1/ T ft. fcB $ tl 5 . 

[0056] ±ia©<fc ^ k. *¥zw<Dm2<Dmm<Di&m 
w *«m*?<ofiBfe* »4 ^ 4-ii < br. e^^gi^s 

[0057] 

40 [ffeBjoDS&m] J£Ui©SiBJ*'6l86*>^«fc^K, 

*»«S3&» &©»«*%* lttmstcffi^jrSWffii* 
■fTT + i*tti*©+45S«7lc^ ; 5: 
aaS1*S«*6i. !lf«^©-45S{H7t:J?S7> ; SrH2^tt5 

■e-s«tB4**-rs*ifla*»«s4. jHtH7fe©+45K 
mssKiimf 5 4 4 1 vzmmM%im^m^%t u-cm 

50 S^Sg^jiltti-r^m^i, 7fe31{fS§^6©^®7t%A7J 
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mmtcmm zwm t . iiMS^ 6©fi-5§3fc&#ii imsi ^m<om 1 (Dmnommtas » z&smm* 

1 m^n^cmmr zwmt zmr z>m 2 whom* 1 0 4 ] #2pj©® 1 ©§£j&©j&giiic*iw *ss6iHtfiT- 

Sit 1 (WffiEWSi. «-^3feCC»urfi[tffiEM**>W-S« [0 5 ] *5£W<Dm 1 ©SO6<0Jg««:*jW*«ElSHI^- 
SB*^r4»2fiHiSaHSi. J&Rl550nm© 1 ^^*^ATffil»S3W^«©Pd/'7j £fil£©H 

m-r*««**'-rs*i*aai:. asissorw© 1 M*tf77, 

^ad-rsmti ; 5rwr^2^assi. A^ufc^ai* 10 [06] #^©m©ii;fe©0i£(c*jw<s*m8is j ? : 

*2flBfe»«Stie3flBfe»flSiJS ltttKOISiil [17] *«W«D» 1 ©SUfccWBHRKiJWiJfflallBI^ 

i©l^i»l^ttlSi«2^ffll|i«r<i?_fcffltSfg«<l Bf-Sf AT. {s^t#M3fetC 0 ~ 2 7t©{£fl^£ 

irfcfci. *7T-f^-*»AteJIHMI*i, 3£ii£*2§4 ^*/ci^©* 1 ttHJS&*2*fflS©UtfJ?£:*W-i^ 

^2{4tBSiligi7T77 : -5 7-i^«^/c^tf$g^ 7, 

-SlfESi U/cCD-C, [08 ] *^HjCD02©^5irfeCDJf^C*}W^>Sg6Sifi^- 

[0 0 5 8 ] £/c, ^-*^U-£-©ftt>«3K:Sfr3© 20 Bf^i'^^ACD^^'jl/^tD^ttSS^^TH, 

«6#WSSRtfT, U— !f--36W©W**0-44Kfla [0 1 0 ] «^©jmHK'*^A©1gfc§:0-C > *&. 
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